Objective: To study the total daily intake of vitamin D from food and supplements among Finnish children aged 3 months to 3 years, the dietary sources of vitamin D and the association between vitamin D intake and sociodemographic factors. Subjects and methods: The subjects are participants in the Finnish Type I Diabetes Prediction and Prevention Nutrition Study born between October 1997 and October 1998. At the age of 3 and 6 months, 1, 2 and 3 years, 342 (72% of the invited families), 298 (63%), 267 (56%), 233 (49%) and 209 (44%) families, respectively, participated in the present study. Food consumption was assessed by a 3-day food record. A structured questionnaire was used to record the parents' socioeconomic status. Results: The mean dietary vitamin D intake exceeded the recommendation (10 mg/day) at the age of 3 (11.0 mg) and 6 months (12.0 mg), but decreased thereafter being 9.8, 5.0 and 4.1 mg at 1, 2 and 3 years of age, respectively. Among the children 91, 91, 81, 42 and 26% used vitamin D supplements at the age of 3 and 6 months, and 1, 2 and 3 years, respectively. In children not using vitamin D supplements, vitamin D intake was less than 10 mg/day at all ages. Vitamin D intake from food did not differ in children who used and did not use vitamin D supplements. Vitamin D supplements were the main source of vitamin D intake in all age groups studied, followed by vitamin D-fortified infant formula in 3-month-olds and infant formula and baby foods in 6-month-olds. After the age of 1 year, the most important food sources of vitamin D were margarine, fish, baby foods, low-fat milk and eggs. Sociodemographic factors, especially the number of children in the family and maternal age, were associated with the total vitamin D intake and vitamin D supplement use. Conclusion: Vitamin D supplements are not used according to the dietary recommendations in a substantial proportion of Finnish children.
Introduction
Vitamin D is derived from cutaneous synthesis under the influence of sunlight, dietary supplements and foods (Maxwell, 1994) . At high latitudes, where only little sunlight is available during the winter, the production of vitamin D is reduced for 4-6 months of the year (Webb and Holick, 1988) . Data from Finland and from other European countries as well as USA have shown vitamin D intake in children to be lower than recommended (Kylberg et al, 1986; Lamberg-Allardt et al., 1984; Ylönen et al., 1996; Lagström et al., 1997; Skinner et al., 1997) . Fortified margarine and fish are the most important sources of vitamin D in the diet of adults in Finland (Lahti-Koski and Kilkkinen, 2001) . Sources of vitamin D have not been evaluated in children. However, it is usually not possible to reach the recommended vitamin D intake, 10 mg/day (National Nutrition Council, 1998) without dietary supplements. According to the Finnish Nutrition Recommendation given in 1998, vitamin D supplementation (10 mg) is recommended for all children up to the age of 3 years (National Nutrition Council, 1998) .
The variations in vitamin D intake and vitamin D status have been linked to social class (Gregory et al., 1995; Laitinen et al., 1995) . In a Finnish study, the 9-to 15-year-old children of farmers had lower vitamin D intake than the children of the upper and lower white-and blue-collar workers. The children of fathers with less than 9 years of formal education had the lowest intake of vitamin D (Laitinen et al., 1995) . In our previous study, the level of parental education was positively associated with the child's vitamin D supplementation at the age of 2 years (Marjamäki et al., 2004) .
In the present study, we assessed the total daily intake of vitamin D and the use of vitamin D supplements among Finnish children aged 3 months to 3 years, assessed the sources of vitamin D in the diet and examined the association between vitamin D intake and sociodemographic factors.
Materials and methods
Subjects of the present study are participants of the Finnish Type I Diabetes Prediction and Prevention (DIPP) study that was established to predict type I diabetes in the general population and to develop effective strategies to prevent or delay progression of b-cell destruction to clinical disease (Kupila et al., 2001) . Families with a genetically susceptible baby are invited to take part in the DIPP study. Ethical approval was obtained from the local ethical committees. All the families gave their written informed consent to the study. The DIPP Nutrition Study aims at characterizing prenatal and postnatal nutritional factors that relate to natural progression from genetic disease susceptibility to development of b-cell autoimmunity and further clinical type I diabetes in the general population. Altogether, 474 families with their infants born in Oulu University Hospital between October 1997 and October 1998 were invited and 357 families agreed to participate in the present study. The parents and other caregivers (e.g. staff at day-care centers) recorded child's food consumption using 3-day food records that included one weekend day. At the age of 3 and 6 months, 1, 2 and 3 years, 342 (72% of the invited families), 298 (63%), 267 (56%), 233 (49%) and 209 (44%) of the families completed food records, respectively. The families and day-care personnel received written instructions to record with household measures (e.g. spoons, cups, glasses, pieces and deciliters) all the foods the child had eaten. The parents and day-care personnel also recorded the type, brand and preparation method of the foods used. The vitamin and mineral supplements used were recorded with their brand names and amounts as tablets, drops, spoonfuls or milliliters. A research nurse reviewed the records item by item for completeness and accuracy, during the respective study visit after each recording period. When needed, missing data (e.g. portion sizes, food descriptions and food preparation methods) were added after a discussion with the mother or father. The research nurses and physicians received continuous education (by the research nutritionist) to advise the parents to fill in the child's food records and to check the forms for possible controversies and omissions.
The food consumption data were analyzed by using an inhouse software program developed at the National Public Health Institute (Ovaskainen et al., 1996) . Nutrient values of the food composition database are mainly derived from chemical analyses of Finnish foods and are continuously updated by complementary data obtained from the Finnish food industry and international food composition tables. The database currently includes about 3000 individual food items and mixed dishes and more than 200 nutrients and other dietary factors. The system also allows creation or modification of specific recipes, which were used when appropriate. Standard recipes in the database are based on current Finnish cookbooks.
Nutritional information of those dietary supplements registered as drugs in Finland were obtained from the Finnish pharmacopoeia. Information on other dietary supplements than drugs was obtained from the National Food Administration and the manufacturers. In addition to vitamin D supplements and supplements containing both vitamins A and D (containing 10.0 mg vitamin D in the daily recommended dosage), all calcium combination supplements (1.5-5.0 mg vitamin D in the daily recommended dosage) and multivitamins and multivitamin-mineral supplements containing vitamin D (5.0-10.0 mg vitamin D in the daily recommended dosage) were included in the present study. Therefore, the intake of vitamin D from all kind of supplements was calculated. The dietary supplement database used was based on the database of the National Public Health Institute (Alfthan et al., 2003) , to which new dietary supplements were added. Maternal age, maternal and paternal occupation, length of education, number of children in the family and place of residence were asked by a structured questionnaire (Table 1) .
Statistical analyses
Nutrient intakes are presented as mean (s.d.) values. Longitudinal data of total vitamin intake between 3 and 36 months were analyzed in all children using analysis of variance for repeated measurements (n ¼ 175). Differences in vitamin D intake between age groups were tested by analysis of variance in supplement users and non-supplement users separately. The results are shown as mean (s.d.) values. The associations of Vitamin D intake in relation to sociodemographic factors M Räsänen et al sociodemographic factors to total vitamin D intake (X10 vs o10 mg/day) and to vitamin D intake from supplements (yes/ no) were analyzed using logistic regression analysis. The results are shown as odds ratio and 95% confidence interval. The SPSS program package, release 11.0 (SPSS Inc., Chicago, IL, USA) was used for the analyses. Differences were considered significant at a two-sided P-value o0.05.
Results
The distribution of gender, maternal age, length of maternal and paternal basic education and number of children in the family are shown in Table 1 . At the age of 3 and 6 months, and 1 and 2 years, 80, 60, 16 and 1% of the children were at least partly breast-fed. Protein intake increased from 11 to 16 E%, between the age of 6 months and 2 years. Carbohydrate intake decreased and fat intake increased, as the children grew older. Calcium intake of non-breast-fed children was 335 mg at the age of 3 months and 370 mg at the age of 6 months, but increased by the age of 1 year (666 mg) ( Table 2 ). The total mean vitamin D intake was 17.4 mg in nonbreast-fed children at the age of 3 months and 15.5 mg at 6 months of age. Children who were breast-fed received vitamin D 10.4 mg at the age of 3 months and 9.7 mg at the age of 6 months. In general, the intake of vitamin D was found to decrease at the age of 1, 2 and 3 years (9.8, 5.0 and 4.1 mg, respectively). Maximum vitamin D intake was 26.3, 23.0, 21.5, 22.6 and 22.2 mg at the age of 3 and 6 months, 1, 2 and 3 years, respectively (Table 3) . Intake of vitamin D and use of supplements was similar in boys and girls at all ages studied. The total mean vitamin D intake was similar at the age of 3 months in children who completed food records (n ¼ 143) and in children who dropped out by the age of 3 years (n ¼ 199) (P ¼ 0.44).
The proportion of children receiving vitamin D supplement decreased from 91% at 3 months to 26% at 3 years of age. In non-users of vitamin D supplements, vitamin D intake was low at the age of 3 months and decreased further as the children grew older (Po0.0001, Table 3 ). Also vitamin D intake decreased among supplement users as the children got older (Po0.0001), although the decrease was slightly smaller. Vitamin D intake from food did not differ in children who used and did not use vitamin D supplements (P40.05 in all age groups) ( Table 3) .
Vitamin D supplements were the most important source of vitamin D in all age groups studied, contributing 43-64% of total vitamin D intake (Table 4) . Infant formula was the second largest source of vitamin D at the age of 3 (35%) and 6 months (35%) followed by baby foods (commercial and home made). After the age of 1 year, the importance of fish One hundred thirty-six children received exclusively breast milk and 137 children were partly breast-fed and were not included in the results shown. Mean (s.d.) daily vitamin D intake from the supplements of the exclusively breast-fed children was 8.4 (2.9) mg and of the partly breast-fed 10.4 (4.0) mg. b One hundred and eighty children were partly breast-fed and were not included in the results shown. Mean (s.d.) daily vitamin D intake from supplements of the partly breast-fed children was 9.7 (4.1) mg. Vitamin D intake in relation to sociodemographic factors M Räsänen et al as a source of vitamin D increased from 2% at 1 year to 17% at 3 years (Table 4) . At the age of 2 and 3 years, children received vitamin D from several food items, including margarine, baby foods, low-fat milk and eggs (Table 4) . At the age of 3 and 6 months, the higher the maternal basic education, the less often was the children's total vitamin D intake adequate (at least 10 mg/day) ( Table 5 ). In families with more than three children, total vitamin D intake was more often inadequate and also at the age of 6 months to 2 years vitamin D supplements were used less frequently than in families with only one child. In 1-to 3-year-old children of mothers aged 30 years or more, total vitamin D intake was more often adequate than in children of mothers aged less than 25 years. Also vitamin D supplements were used more often in 1-and 2-year-old children of mothers aged more than 25 years than in children of younger mothers (Table 5) .
Discussion
In the present study, when the supplements were taken into account, the mean intake of vitamin D was adequate in children aged 3 and 6 months, but not in those aged 1-3 years. Among children who received vitamin D as a supplement, the mean total intake even exceeded the recommended allowance (National Nutrition Council, 1998) at the age of 3 and 6 months, and 1 year. In contrast, among supplement users aged 2 and 3 years, the mean total intake of vitamin D (from food and supplements) was lower than recommended (National Nutrition Council, 1998). Vitamin D intake from food only varied from 2.1 to 6.0 mg/ day, depending on age. High intake of foods rich in vitamin D, for example, special infant formula, were not associated with decreasing use of vitamin D supplements.
The validity of the food record method has been shown to be high in children (Persson and Carlgren, 1984) . The limitations of this method are that it may change actual eating and can cause underreporting. Also, it should be noted that owing to high intra-individual variation in food consumption, 3-day food intake data is not representative at individual level for many nutrients. In the present DIPP Nutrition Study, parents were carefully instructed how to record food intake and supplement use and the records were reviewed by a trained research nurse item by item for completeness and accuracy, which decreases reporting errors.
Our results on vitamin D intake from food parallel previous studies Ylönen et al., 1996; Lagström et al., 1997; Virtanen et al., 2000) . In the survey of Ylönen et al. (1996) , 1-to 3-year-old Finnish children received 2.1 mg/day vitamin D from food. In the STRIP intervention trial (Lagström et al., 1997) , the intake of vitamin D from food was also clearly below the recommended allowances, 1.5-2.0 mg/day in 13-month to Vitamin D intake in relation to sociodemographic factors M Räsänen et al 3-year-old children, but the difference between the recommendation and intake from food was rather well compensated by vitamin D supplementation. At the age of 8, 13 and 24 months, 96, 92 and 75% of the children used daily vitamin D supplements (10 mg/day), respectively. In contrast, 81% of the 1-year-olds and only 42% of the 2-year-olds used vitamin D supplements during the recording period in the present study. The different study types may partly explain this difference (nutrition intervention vs prospective cohort study).
In the present study, dietary supplements were the largest source of vitamin D in all age groups analyzed. Infant formula was the most prominent food source of vitamin D in 3-month-olds. In 6-month-and 1-year-olds, infant formula was still the most important source of vitamin D in food followed by baby foods (commercial and home made), mainly commercial baby porridges and gruels. As the children grew older, the sources of vitamin D in food broadened to a variety of food groups. Margarine, fish, baby food, low-fat milk and eggs were the most important sources of vitamin D in 2-and 3-year-olds.
To increase vitamin D in the diet, low-fat vitamin Dfortified milk and dietary products made from vitamin Dfortified milk have been emphasized as good food sources (Skinner et al., 1997 (Skinner et al., , 1999 . In Finland, milk has been supplemented since February 2003 with 0.5 mg vitamin D per 100 g. This supplementation will bring an important addition to the intake of vitamin D in children, although the use of vitamin D supplements is still needed.
Previously vitamin D supplementation (10 mg) was recommended for children until the age of 2 years (Ministry of Social Affairs and Health, 1994) , but according to the Finnish Nutrition Recommendation given in 1998 vitamin D supplementation (10 mg) is recommended for all children up to the age of 3 years (National Nutrition Council, 1998) . However, the parents may not have adopted the new recommendation to carry on the supplementation until the age of 3 years, as 58% of the families had stopped to give vitamin D supplementation to the child before he or she had reached 2 years of age. Dispense with vitamin D supplementation altered markedly the net intake of vitamin D. Even those children who still received vitamin D supplementation did not reach the recommended level because the supplements used were mainly multivitamins or multivitamin-mineral supplements containing smaller amounts of vitamin D than recommended. At the age of 2 years, the supplement users received on an average 2.1 mg vitamin D from food and an additional 6.9 mg from supplements (42% of the children used supplements containing vitamin D). Compared to the study conducted in 1980 , the use of vitamin D supplements has increased in 3-year-olds from 16 to 26%. Vitamin D intake in relation to sociodemographic factors M Räsänen et al Intake of vitamin D from food and vitamin D supplements should be encouraged in well-baby clinics and primary health care, especially when the parents are young and when there are more than three children in the family.
It is obvious that vitamin D intake in Finnish children is not adequate without the use of vitamin D supplements. However, Finnish children use more vitamin supplements containing vitamin D than has been reported in studies performed in child populations in other Western countries (Davies et al., 1999; Skinner et al., 1997 Skinner et al., , 1999 Noble et al., 2001) . It is noteworthy, however, that the recommendation on the use of vitamin D supplementation varies in different countries and that study methods, time periods and definitions of dietary supplements, the sample selection and size as well as the age of the study subjects vary between the studies.
The intake of vitamin D was considerably lower in the 4-month-old breast-fed infants than in the formula-fed infants in Sweden and England (Kylberg et al., 1986; Noble et al., 2001) . In a recent British survey, 69% of the non-breast-fed children had intake values below the reference values. Only 12% of the breast-fed and 13% of the non-breast-fed infants were recorded as receiving vitamin supplements (Noble et al., 2001) . Also in the present study, the partly breast-fed children received less vitamin D than the non-breast-fed ones at the age of 3 and 6 months. Therefore, the parents of the breast-fed children should be encouraged to give vitamin D supplements to their children.
Many studies have shown a significant correlation between the dietary vitamin D intake and the 25-hydroxy-vitamin D concentration in serum, indicating that dietary vitamin D is of importance at least in the Scandinavian countries with a low UV-light during the winter season (Haddad & Hahn, 1973; Lamberg-Allardt, 1984; Lehtonen-Veromaa et al., 1999) . Circulating vitamin D concentrations reach their nadir in the winter months, and at that time the dietary intake of vitamin D has a greater impact on vitamin D status (Davies et al., 1999; Lehtonen-Veromaa et al., 1999 , 2002 . Recent public education campaigns to reduce the risk of skin cancer encourage that direct exposure to sunlight should be avoided in all age groups, and in infants in particular by using covering clothes and by applying sunscreen creams. Therefore, owing to reduced vitamin D synthesis in the skin, adequate dietary vitamin D intake could become more important in the future. Therefore, it is important to not only increase vitamin D supplementation according to the nutrition recommendation but also to increase vitamin D intake from food by supplementation of foods.
